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Abstract 
We analyze retrospectively/prospectively the transient variations of three different 
physical parameters of atmosphere during the time of M7.8 and M7.3 events in Nepal: 
outgoing earth radiation (OLR), GPS/TEC and the thermodynamic proprieties in the 
lower atmosphere. We found that in mid March 2015 a rapid augment of satellite 
observed earth radiation in atmosphere and the anomaly located in close vicinity to the 
future M7.8 epicenter reached the maximum on April 21-22. Our continuous satellite 
analysis revealed prospectively the new strong anomaly on May 3th, which was the 
reason to contemplate another large event in the area. On May 12, 2015 a large 
aftershock of M7.3 occurred. The analysis of air temperature from weather ground station 
near Katmandu shows analogous patterns with offset 1-2 days earlier to the satellite 
anomalies. The GPS/TEC data analysis indicates an augment and variation in electron 
density reaching a maximum value during April 22-24 period. A strong negative TEC 
anomaly in the crest of EIA (Equatorial Ionospheric Anomaly) has occurred on April 21st 
and strong positive on April 24th, 2015. Our preliminary results show correlation between 
the pre-earthquake atmospheric and ionospheric anomalies and the occurrence of 2015 
M7.8 and M7.3 events in Nepal. 
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1. Introduction 
The observational evidence, from the last three decades studies in the different parts of 
the world provide a significant pattern of transient anomalies preceding earthquakes 
[Tronin et al., 2002; Liu et al., 2004; Pulinets and Boyarchuk, 2004; Ouzounov et al, 
2007; Nĕmec et al., 2008, 2008; Parrot, 2009; Kon et al., 2010; Hayakawa et al., 2013; 
Tramutoli et al., 2013]. Despite these results, there is still lack of consistent data observed 
prospectively that could help to revile the connection between atmospheric and 
ionospheric variations (or anomalies) associated with major earthquakes.  
The recent M7.8 Nepal earthquake of April 25, 2015 was the largest recorded earthquake 
to hit this nation since 1934 (Figure 1). In this work we analyzed ground and satellite data 
to study the atmospheric and ionospheric response to the latest M7.8 and M7.3 in Nepal 
in 2015.We provided analogous study after Tohoku earthquake in Japan, which was done 
fully retrospectively. The difference this time is that immediately after M7.8 of April 25, 
in Nepal, we could analyze and find anomalies in atmosphere prospectively and to 
acknowledge in advance the potential for occurrence of M7.3 of May 12, 2015 
[Ouzounov and Pulinets, 2015]. 
We examined three different physical parameters characterizing the state of the 
atmosphere/ionosphere during the periods before and after the event: 1. Outgoing Long 
wave Radiation, OLR (infra-red 10-13 µm) measured at the top of the atmosphere; 2. 
GPS/TEC (Total Electron Content) ionospheric variability;  and  3. Air Temperature and 
Relative humidity from NOAA ground stations.  
 
2. Observations and Analysis 
2.1 Earth radiation observation 
One of the main parameters we used to characterize the earth’s radiation environment is 
the outgoing long-wave-earth radiation (OLR). OLR has been associated with the top of 
the atmosphere integrating the emissions from the ground, lower atmosphere and clouds 
[Ohring G. and Gruber, 1982] and primary was used to study Earth radiative budget and 
climate  [Gruber and Krueger, 1984; Mehta and Susskind, 1999]. 
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A daily OLR data were used to study the OLR variability in the zone of earthquake 
activity [Liu, 2000; Ouzounov et al., 2007, 2011; Xiong at al., 2010]. An augment in 
radiation and a transient change in OLR was proposed to be related to thermodynamic 
processes in the atmosphere over seismically active regions. An anomalous character of 
this was defined by  [Ouzounov et al., 2007] as statically defined maximum change in the 
rate of OLR for a specific spatial location and predefined times and was constructed 
analogously to the anomalous thermal field proposed by  [Tramutoli et al., 1999, 2013].  
Our preliminary results show that in mid March 2015 a rapid augment of transient 
infrared radiation was observed from the satellite data and an anomaly near the epicenter 
reached the maximum on April 21-22, three days before the M7.8 (Figure2). The ongoing 
prospective analysis of satellite radiation revealed another transient anomaly on May 3-4  
(8 days in advance), associated with the M7.3 of May 12, 2015 earthquake.  
The time series plot for anomalous OLR (Figure 3,top, red), within 200 km radius around 
M7.8 epicenter for the period of Jan 1 – May 31, 2015 had confirmed that the maximum 
change in the OLR state over the epicentral area did occur in two periods, during April 
21-22 and May 3-4. For comparison, the same analysis for 2014  (year, with no major 
seismicity) show (on Figure 3, top, black) low intensity of OLR level and absence of 
elevated values in comparison to the same of 2015. 
This rapid enhancement of radiation could be explained by an anomalous flux of the 
latent heat over the area of increased tectonic activity.  Analogous observations were 
observed within a few days anterior to the most recent major earthquakes Japan (M9, 
2011), China (M7.9, 2008), Italy (M6.3, 2009), Samoa (M7, 2009), Haiti (M7, 2010) and 
Chile (M8.8, 2010) [Ouzounov et al., 2011a,b, c; Pulinets et al., 2015]. 
 
2.2 Air Temperature Observation 
Multi year day-by-day counts of nighttime temperatures were used to compute the daily 
temperature variations near the vicinity of earthquake epicenter. Air temperatures data 
near the ground surface were obtained from Tribhuvan International Airport, Nepal thru 
NOAA Surface Data Hourly Global Database. We analyzed surface air temperature 
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nighttime data for the period of 2011-2015 close to the terminator time 0500-0600 LT to 
define the normal and abnormal state of the air temperature. The time series for January 
1-May 31, 2015 is shown in Fig.3B. We computed the residual values as a distinction 
between current value and the multiyear year mean of air temperature variability. The 
maximum offsets from the mean value reached near +5C on April 20 and +4C on May 2 
and April 5th (Fig.3B) with confidence level of more than +2 sigma for the all the 
observations from 2011 to 2015. The transient rapid augment of the surface air 
temperature is little ahead then the satellite remote observations showed on Fig 3A which 
is in agreements with the thermodynamic processes explained by LAIC concept. [Pulinets 
and Ouzounov, 2011]. 
 
2.2 Ionospheric observation  
Ionospheric effects detected over the earthquake preparation zone of the Nepal M7.8 
earthquake are very analogous to those detected before the strong earthquakes in China 
(Wenchuan M7.9 of May12, 2008 and Lushan M7.0 of April, 20 2013) [Pulinets et al., 
2010]. For our analysis of ionospheric data we used two sources of information: global 
maps of the total electron content as IONEX index provided by JPL, and time series of 
calculated vertical TEC of lhaz GPS/GLONASS receiver in the region.  
We computed GPS/TEC differential maps with exclusion day of 101 (April 11) what we 
considered is a magnetic storm day. The most unusual are the days 111 and 114 (Apr 21 
and 24), when we may contemplate the negative and positive anomalies. To check this 
supposition the differential GIM maps were built for these days, which are presented in 
the Figure 4. 
It could be seen strong negative (in EIA crests) anomalies on 21 April and very strong 
positive anomaly on 24 April. The effect reflects the equatorial anomaly strength change. 
Considered that epicenter is inside the northern crest of EIA we will express the strength 
of the anomaly as relation of TEC at northern crest to the TEC in the trough of EIA. 
From the historical data of ionosphere monitoring was elaborated conception of the 
precursor mask, which generalizes the pattern of ionosphere parameter variations (foF2 
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or GPS TEC) few days before the earthquakes [Pulinets et al., 2002, 2014; Davidenko,  
2013]. We used this approach to analyze the ΔTEC variations for the lhaz 
GPS/GLONASS receiver for the period around the time of the two Nepal earthquakes 
what is presented in the Figure 5. We found an appearance of nighttime positive 
deviations before both strong earthquakes lasting more than one day and repeating every 
day at the same local time. The positive variations start at 6PM and finish at 6 AM and 
equal to ionospheric precursor mask [Davidenko, 2013; Pulinets et al., 2014], could be 
connected with the terminator time for Nepal [Zolotov, 2015]. 
 
3. Summary and Conclusions 
The joint analysis of atmospheric and ionospheric parameters during the M7.8 earthquake 
in Nepal has demonstrated the presence of correlated variations of atmospheric anomalies 
implying their connection with the earthquake preparation processes.  One of the possible 
explanations for this relationship is the Lithosphere- Atmosphere- Ionosphere Coupling 
mechanism [Pulinets and Boyarchuk, 2004; Pulinets and Ouzounov, 2011, Pulinets et al., 
2015], which provides the physical links between the different geochemical, atmospheric 
and ionospheric variations and tectonic activity. Our results show evidence that processes 
related to the Nepal earthquakes started in mid-March seen by satellite thermal 
observations (Figure 2). In April 20 atmospheric temperature was increased, which 
continued on Apr 21-22 with thermal filed build up on the top of the atmosphere (OLR) 
near the epicentral area (Figure 3). The ionosphere immediately reacts «Incorrect verb 
form:  A singular subject of a relative clause always takes a singular verb.» to these 
changes in the electric properties of the ground layer measured by GPS/TEC over the 
epicenter areas, which have been confirmed as spatially localized increase in the DTEC 
on April 21 and 24 (Figure 3,4).  The same scenario has occurred and for M7.3 of May 
12, 2015. 
Our preliminary results from recording atmospheric and ionospheric conditions during 
the M7.8 and M7.3 earthquake in Nepal using OLR monitoring on the top of the 
atmosphere, GIM-GPS/TEC maps, vertical TEC of lhaz GPS/GLONASS receiver in the 
region and atmospheric temperature from ground measurements show the presence of 
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anomalies in the atmosphere, and ionosphere occurring consistently over region near the 
2015 Nepal earthquake epicenters. 
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Figure 1. Reference map of Nepal region, with the location of earthquakes >M4 for Jan- 
May 2015. The location of M7.8 of April 25 and M7.3 of May12, 2015 are with purple 
stars. With black triangles are showing the location of the Air Temperature station 
(Katmandu) and GPS stations  (Lhasa). 
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Figure 2. Time series of nighttime anomalous OLR observed from NOAA/AVHRR, 
April 15-May 14, 20115. Tectonic plate boundaries are indicated with red lines and major 
faults by brown ones and earthquake location by black stars. Red circle show the spatial 
location of abnormal OLR anomalies within vicinity of M7.8 (red star) and M7.3 (black 
star). 
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Figure 3. Time series of atmospheric variability observed within a 200 km radius of the 
Nepal earthquake (top to bottom): A) Nighttime anomalous OLR over epicentral region 
from January 1- May 31, 2015 observed from NOAA AVHRR  (red). Same location, 
same period a year before – Jan-May 2014 (black); B) Air temperature anomaly from 
station  Tribhuvan International Airport  (blue)  at 0600LT; C)  Seismicity  (M>4.0), Jan-
May 2015 within 200km radius of the M 7.8 epicenter 
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Figure 4. Satellite Thermal and GIM GPS/TEC spatial analysis.  
 Top panel: M7.8 of April 25, 2015,Nepal;  (A) Satellite Thermal nighttime map of April 
21-22  (mean), 06UT  (-3 days), 2015;   (B) Differential TEC map of April 21, 2015, (-4 
days) 09UT and April 24, 2015, 08UT (-1 day) 
Bottom Panel: M7.3 of May 12, 2015, Nepal; A) Satellite Thermal nighttime map of May 
3-4 (mean), 06UT 2015 (-8 days);   (B) Differential TEC map of May 5, 2015, (-7 days) 
10UT and May 5, 2015, 12UT (-3 day) 
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Figure 5.  DTEC variations for the lhaz GPS/GLONASS receiver (Fig.1) for April 6 - 
May 15, 2015. 
 
 
 
 
 
 
 
 
 
